In previous studies of the capillary circulation it was found that changes in the calibre of the capillaries took place continuously, both in health when the rhythm of the heart is regular, and in auricular fibrillation. The extent of these changes appeared to depend on the state of circulatory compensation and was independent of the rate or regularity of the pulse. Similar variations were observed in advanced decompensation both in cases of regular and of irregular rhythm. The present investigation was undertaken to study the changes which take place in heart disease with regular rhythm from the early to the late stages of the disease. Weiss (1) found in his studies of the capillaries in living subjects that cases of mitral insufficiency without cardiac decompensation showed a normal picture, while in the early stages of mitral stenosis a distinct slowing of the stream was observed. Cases of cardiac decompensation, however, showed marked dilatation of the venous limb and the blood stream was slow and had a granular appearance. These findings were in the main confirmed by Schur (2), Jurgensen (3), Neumann (4), Secher (5), Freedlander and Lenhart (6). Secher, however, described a normal capillary picture in this condition in spite of symptoms of cardiac insufficiency. HisingerJagerskiold (7) studied a large number of cases of valvular and myocardial heart disease with regular rhythm. He stated that cases with full compensation or with only slight decompensation did not differ from normal subjects but those with clinical signs of decompensation as a rule showed the changes described by Weiss in this condition. He 317 Downloaded from http://www.jci.org on October 27, 2017. https://doi
In previous studies of the capillary circulation it was found that changes in the calibre of the capillaries took place continuously, both in health when the rhythm of the heart is regular, and in auricular fibrillation. The extent of these changes appeared to depend on the state of circulatory compensation and was independent of the rate or regularity of the pulse. Similar variations were observed in advanced decompensation both in cases of regular and of irregular rhythm. The present investigation was undertaken to study the changes which take place in heart disease with regular rhythm from the early to the late stages of the disease. Weiss (1) found in his studies of the capillaries in living subjects that cases of mitral insufficiency without cardiac decompensation showed a normal picture, while in the early stages of mitral stenosis a distinct slowing of the stream was observed. Cases of cardiac decompensation, however, showed marked dilatation of the venous limb and the blood stream was slow and had a granular appearance. These findings were in the main confirmed by Schur (2), Jurgensen (3), Neumann (4) , Secher (5) , Freedlander and Lenhart (6) . Secher, however, described a normal capillary picture in this condition in spite of symptoms of cardiac insufficiency. HisingerJagerskiold (7) studied a large number of cases of valvular and myocardial heart disease with regular rhythm. He stated that cases with full compensation or with only slight decompensation did not differ from normal subjects but those with clinical signs of decompensation as a rule showed the changes described by Weiss in this condition. He further described a group of cases which showed congestion of internal organs but otherwise no clinical signs of cardiac decompensation. In these the size of the loops was normal and the picture closely resembled that which the author associated with anemia.
The results to be described are based on the study of eight cases of heart disease with regular rhythm, seven of which were of rheumatic origin while the other was one of chronic myocarditis. These cases varied in their severity from a degree in which a heart lesion had just developed to one in which cardiac decompensation was marked. Cinematographic observations of the capillaries at the nail fold and simultaneous electrocardiograms were made. Synchronous points were recorded both on the photographic and the electrocardiographic films. The details of taking the cinematographic exposures and the method employed in their study have been reported in previous papers of this series (8, 9) . The technique used in recording synchronous points on the cinematographic and electrocardiographic films has also been described in a previous paper (10) .
The size of the loops. There was marked variation in the size of the loops in the same subject and differences were also seen between individual subjects. The state of compensation markedly affected the size of the loops, especially the venous limb. The average size of the arterial limb in early cases was from 0.014 to 0.015 mm., while that of the venous was from 0.015 to 0.016 mm. In advanced cases, the arterial limb varied from 0.015 to 0.017 mm. and the venous from 0.017 to 0.018 mm. The early cases thus presented a picture such as had been observed in normal individuals while the advanced cases resembled that seen in auricular fibrillation with clinical signs of decompensation. The values given are those of most of the loops measured, and although larger and smaller loops were studied the changes observed were similar in all.
Variations in calibre. Variations in the diameter of the loops of about equal extent in both the arterial and venous limbs took place in the same subject from moment to moment. The magnitude of these changes varied in the loops of the same subject and also in different subjects. The alterations were comparatively small, however, compared to the total breadth of the limb which remained approximately the same. Their magnitude was definitely influenced by the state of cardiac compensation. In the early stages the variations were less marked than in the later stages ( figs. 1 and 2) .
Evidence of independent contractility of the capillaries. Curves which were prepared in a manner similar to those described in previous papers in this series dence of a peristaltic wave of the capillaries or of local rhythmical contractions in them. The changes in diameter took place irregularly and no rhythmicity was seen so that neither of these mechanisms appears to be the cause of their production.
Evidence of pulsation due to the heart beat. The method of recording simultaneously the capillary changes and the electrocardiogram en- abled one to study whether any of those observed depend on pulsation on the capillary wall, due to an effect on the blood stream incident to cardiac systole. The duration of each cardiac systole could be accurately measured. If the changes were of a pulsatile nature the maximum diameter of the limbs of the capillary loops ought to occur at a constant time after the onset of each ventricular systole. All the curves have been analyzed from this point of view but the time at which the maximum diameter occurred has no relation to the onset of cardiac systole. It appears, therefore, that cardiac pulsation does not account for the changes observed.
Blood flow. The blood flow was studied by inspection over prolonged periods of time. The rate of flow was continually changing in the same capillary; different capillaries in the same subject also varied in this respect. In early cases the stream was usually rapid and resembled in every respect that seen in normal subjects. In the more advanced cases the rate of flow was slower while in those with advanced heart failure the stream was very slow and in many cases stasis was present for considerable periods of time. Marked sudden variations were often seen and gaps in the corpuscular stream were frequently present. The general appearance was similar in every respect to that seen in cases of auricular fibrillation with advanced heart failure.
Digitalis. The more advanced patients were studied both before and after thorough digitalization. Only one case derived definite clinical benefit. In this case the extent of the variations in the diameter of the limbs of the capillaries was reduced while the blood flow improved in a corresponding manner. In the other cases which were uninfluenced by digitalis there was no change observed in the capillary circulation.
DISCUSSION
The variations which took place in the calibre of the capillaries in heart disease with normal rhythm were of a similar nature to those which had been observed in normal subjects. Those cases which showed no clinical signs of heart failure did not differ in any respect from the normal, while advanced cases showed changes of the same nature but of greater-magnitude. They corresponded closely to the changes which were seen in cases of auricular fibrillation with a com-parable degree of decompensation. The extent of these variations bore no relation to the pulse rate but seemed to correspond to the state of efficiency of the circulation as judged by the clinical condition of the patient.
The blood flow in the capillaries showed a similar correspondence to the state of cardiac compensation.
No evidence was found of independent contractilityof the capillaries, nor were the changes due to a pulsatile motion conveyed to the blood stream by the heart beat. Their cause is in doubt. Their nature is similar to that observed in normal cases. The possible factors involved have been discussed in an earlier paper (9) . The differences which exist appear to depend on the power of the heart itself to maintain an efficient circulation. CONCLUSION 1. The calibre of the arterial and venous limbs of the capillaries at the nail fold has been studied by means of cinematography in eight cases of heart disease with normal rhythm.
2. Changes of equal magnitude in the diameter of the arterial and venous limbs of the capillary loop take place from moment to moment. The extent of these changes varies in different capillaries in the same subject; differences are also seen between individual subjects.
3. The magnitude of the variations depends on the state of cardiac compensation and has no relation to the rate of the pulse. 4 . The changes do not appear to be due to a peristaltic wave of contraction, a local rhythmical contraction of the capillaries nor to the action on the capillary wall of a pulsatory motion of the blood stream caused by the heart beat. The cause of their production is uncertain. 5 . The blood flow in cases without cardiac decompensation is similar to that seen in normal subjects while in cases with cardiac decompensation the flow is slow and irregular such as was observed in cases of auricular fibrillation with a comparable degree of decompensation. 
